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© A crystalline magnetic material of the CoFeB 


type is described. This material which is provided by 
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means of sputtering has a high saturtion magnetiz- 
ation (upto 21) and a large relative permeability 
(upto 2.000 in a frequency range upto 20 MHz) and 
a small coercive force (smaller than 40 Aim), The 
magnetic material in accordance with the invention 
can very suitably be used in magnetic heads for 
information processing in magnetic recording media 
having a high information density. 
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"Magnetic material, method of manufacturing this material and a magnetic head provided with this 

material." 



The invention relates to magnetic material of 
the CoFeB type. The invention further relates to a 
method of manufacturing this material. The Inven- 
tion also relates to a magnetic head provided with 
this material. 

Alloys of the type mentioned in the opening 
paragraph are known from, inter alia , German 
Offenlegungsschrift no. 28.06.052. This literature 
reference describes, more in particular, CoFeSiB 
alloys which are used in magnetic heads on ac- 
count of their soft magnetic properties. The soft 
magnetic properties are attributed to and connect- 
ed with the amorphous character of these alloys. 
The essential amorphous structure is obtained by a 
suitable choice of the mutual weight ratios of the 
component elements relative to one another, in 
particular, the sum of the Si content and B content 
having to amount to at least approximately 20 
mol%. if this content is less than approximately 20 
mol%, the amorphous magnetic material contains 
crystalline inclusions which leads to a substantial 
decrease in magnetic quality, in particular, the rela- 
tive permeability decreases substantially. 

The above-mentioned, known amorphous mag- 
netic material has the disadvantage that its satura- 
tion magnetization (Bs) has a maximum value of" 
approximately 1 Tesla. This means that magnetic 
heads which are provided with the known amor- 
phous materia) have a limited recording capacity. 
Consequently, such magnetic heads cannot be 
used optimally in magnetic recording media such 
as magnetic tapes or discs wich have a large 
coercive force and, which can hence, suitably be 
used to attain a high information density. 

It is an object of the invention to provide a 
magnetic material having a very high saturisation 
magnetization and which can suitably be used, in 
particular in magnetic heads for recording, erasing 
and reading information on magnetic recording me- 
dia having a large coercive force. 

A further object of the invention is to provide a 
magnetic material having a large relative perme- 
ability (larger than 1.000 in a frequency range up to 
20 MHz) to ensure that when this material is used 
in a magnetic head, the head has suitable read 
properties. 

Another object of the invention is to provide a 
magnetic material having a small coercive force 
(smaller than 40 A/m). 



■ -These o bjec ts are achieved by means of a 

material of the type mentioned in the opening 
paragraph, which is characterized in that the mag- 1 
netic material is crystalline and has a composition 
which satisfies the formula Co a Fe b B c M' d M%J 



wherein M is one or more of the elements se- 
iecied from the group consisting of Ti, Zr. Hf ; V. 
Nb, Ta, Cr. Mo, W, Mn, and Ru, M* is one or more 
of the elements selected from the group consisting 
of Al, Si, P and C, and a, b, c, d and e represent 
the molar fractions of the relative element in the 
composition, wherein 
0.50 < a < 0.97 
0.01 < b < 0.20 
to 0.02 < c < 0.10 
0.00 S d < 0.10 
0.00 £ e < 0.10 
0.02 < c + e< 0.10 

a + b + c + d + e = 1W) 

T5 ^ In contrast with the prevailing view that in mag- 
netic material of the CoFeB type relatively favoura- 
ble magnetic properties can only be obtained if the 
structure is, amorphous, it has been found that a 
specific magnetic material, of the above-mentioned 
20 composition, having a crystalline structure has bet- 
ter magnetic properties. For example, the magnetic 
material in accordance with the invention has a 
surprisingly high saturation magnetization (up to 2 
Tesla) in combination with a high relative per- 
25 meability (up to 2.000) and a low coercive force. 
For this reason, the material can particularly suit- 
ably be used in magnetic heads. 

The transition metals Co and Fe form the basis 
of the magnetic character of the material in accor- 
30 dance with the invention. If desired, one or more 
elements m\ selected from the group consisting of 
Ti, Zr, Hf, V, Nb. Ta, Cr, Mo, W, Mn and Ru. may 
be added. The presence of these elements M has 
an influence on, in particular, the mechanical prop- 
35 erties of the material. As a result of this the resis- 
tance to wear and corrosion is improved. Further, 
the addition of Mn reduces the value of the mag- 
netostriction. However, the m' content must not 
exceed 10 moi% because otherwise the saturation 
40 magnetization is adversely influenced. 

The B content in the magnetic material is of 
substantial importance for obtaining a proper cry- 
stalline structure. The above-mentioned suitable 
magnetic properties are only obtained if the ma- 
45 terial has this suitable crystalline structure. It has 
been found that if less than 2 mol% of B is present 
in the material no proper crystalline magnetic ma- 
terial is obtained. However, the total content (c + 
e) of B and M*(B. Al, Si, C and D) must not exceed 
so 10 mol% because otherwise the saturation mag- 
netization of the material is adversely affected. 
In a favourable embodiment of the magnetic 
. material in accordance with the invention, the total 
content of B and M'(c + e) is between 3 and 6 
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mol%. The highest degrees of saturation magnetiz- 
ation are attained if material is used which cor- 
responds to this composition. 

In another preferred embodiment of the inven- 
tion the content (c) of the element 8 in the material 
composition exceeds the content (e) of the element 
M"(AI. Si. P and C). 

invention further relates to a method of manu- 
facturing the magnetic material as indicated in 
Claim 1, 2 or 3, the component elements being 
sputtered on a substrate in a quantity correspond- 
ing to the indicated molar fractions at a deposition 
temperature which is below 100* C. It has been 
found that the material applied by means of this 
sputtering process is composed of crystallites hav- 
ing a cubic (fee) structure, wherein the <1.1,1>. 
axis extends perpendicularly or substantially per- 
pendicularly to the substrate surface. The strong 
texture is of great importance for obtaining a ma- 
terial having satisfactory soft magnetic properties, 
which texture depends to a large extent on the 
sputtering conditions. For example, it has been 
found that if the substrate temperature exceeds 
100" C. hexagonal phases are formed in the cubic 
structure. This adversely affects the magnetic prop- 
erties of the material. 

"T" frfa favourable embodiment, a small Curnpo- 
nent of the magnetic anisotropy is present in the 
plane of the film. This is achieved by applying a 
magnetic field to the plane of the film during the 

I sputt ering operation^ / 

ffie invention also relates to a magnetic head 

the core portion of which consists of a crystalline 
magnetic material having a composition which cor- 
responds to the formula 

COaFebBcM'dM'e, wherein 

M' is one or more of the elements selected from 
the group consisting of Ti. Zr. Hf. V. Nb. Ta, Cr. 
Mo. W. Mn and Ru; 

m" is one or more of the elements selected from 

the group formed by Al, Si, P and C, 

a, b. c. d and e represent the molar fractions of the 

relevant element in the material composition. 

wherein 

0.50 < a < 0.97 

0.01 < b < 0.20 

0.02 < c < 0.10 

0.00 £d< 0.10 

0.00 Se< 0.10 

0.02 < c + e < 0.10 

a+b+c+d+e= 1.00. 

In a favourable embodiment of the magnetic 
head 0.03 < c + e < 0.06. 

In a further favourable embodiment of the mag- 
netic head oe. 

The invention will now be explained in more 
detail by means of exemplary embodiments and 



with reference to a drawing, in which 

Fig. 1 shows hysteresis curves for the easy 
and the hard direction of magnetization. 

Fig. 2 shows a frequency characteristic of 
5 the fity in the direction of the hard axis. 

Fig. 3 is a front view of a magnetic head 
provided with the magnetic material in accordance 
with the invention. 

10 

Example 1: 

Thin films of CoscFe&BeSia having a thickness 
of approximately 1um, were provided on a glass 
75 substrate by means of sputtering, the temperature 
being lower than 100* C. The background pres- 
sure in the sputtering bell was 2.1 0." 6 Torr. the 
pressure of the sputtering gas (argon) amounting to 
5.1 0" 3 Torr. The sputtering rate was 180A/m. The 
20 plasma was concentrated by means of an axial 
magnetic field of approximately 1100 A m. A small 
component of this magnetic field was present in 
the plane of the substrate holder. 

The following magnetic properties were mea- 
25 sured on the sputtered material. A saturation mag- 
netization (BJ of 1.6 Tesla. a coercive force of 30 
A/m along the hard axis and a coercive force of 80 
A/m along the easy axis. Fig. 1 shows the hyster- 
esis (B-H) curves of the said material. In Fig. 1. 
30 reference numeral 1 denotes the curve measured 
along the hard axis, and reference numeral 2 de- 
notes the curve measured along the easy axis. The 
above-mentioned coercive forces can be derived 
from this Figure. Fig. 2 shows the frequency char- 
as acteristic of the permeability of thesputtered ma- 
terial. In said Figure, ix and u" represent the real 
and the imaginary permeability, respectively. The 
permeability is measured along the hard axis. It 
has been found that if eddy currents are disregar- 
40 ded a constant permeability of approximately 1200 
is possible in a frequency region up to 100 MHz. 



Example 2: 

45 

Thin films of Coas-sFeaMnasBsSia, having a 
thickness of approximately lum, were provided on 
a substrate, in accordance with the method de- 
scribed in example 1. A saturation magnetization B s 

so of 1 .5 Tesla, a coercive force He of 24 A/m and a 
permeability it of 700 was measured on this ma- 
terial. The magnetostriction value X* of this material 
was small: below 1.10"*. 

Fig. 3 shows a magnetic head of the sandwich 

55 type, which is provided with the magnetic material 
in accordance with the invention. In Fig. 3, the 
magnetic head consists of two halves which both 
consist of two substrates 1. 2 and 3, 4 respectively, 
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which may be made of glass. A core portion 5, 6, 
respectively, of the magnetic material in accor- 
dance with the invention is provided between the 
substrates. The core portion 5 is surrounded by a 
coil 7 through which an electric record, read or 
erase signal is passed. However, the use of the 
magnetic material in accordance with the invention 
is not limited to this type of magnetic head. 



Claims 

1. A magnetic material of the CoFeB type, 
characterized in that the magnetic material is cry- 
stalline and has a composition which corresponds 
to the formula 

COaFebBcNl'dM'e, wherein 

m' is one or more of the elements selected from 
the group formed by Ti, Zr, Hf, V, Nb, Ta, Cr, Mo. 
W, Mn and Ru; 

m" is one or more of the elements selected from 

the group formed by AJ, Si, P and C. 

a, b, c. d and e are the molar fractions of the 

relevant element in the material composition, 

wherein 

0.50 < a < 0.97 

0.01 < b < 0.20 

0.02<c<0.10 

0.00 S d<0.10 

0.00*e<0.10 

0.02 < c + e < 0.10 

a+b+c+d+e= 1.00 

1. A magnetic material as claimed in Claim 1, 
characterized in that 0.03 < c + e < 0.06. 

3. A magnetic material as claimed in Claim 1 
or 2, characterized in that c > e. 

4. A method of manufacturing the magnetic 
material as indicated in Claim 1, 2 or 3, the compo- 
nent elements being sputtered on a substrate in a 
quantity corresponding to the indicated molar frac- 
tions at a deposition temperature below 100 C. 

5. A method as claimed in Claim 4, character- 
ized in that during the sputtering process a mag- 
netic field is applied to the plane of the substrate. 

6. A magnetic head the core portion of which 
consists of crystalline magnetic material having a 
composition which corresponds to the formula 

Co a FebBcM' d M* ei wherein 

M' is one or more of the elements selected from 
the group formed by Tu. Zr, Hf. V, Nb, Ta. Cr. Mo, 
W, Mn and Ru; 

M* is one or more of the elements selected from 

the group formed by Al. Si, P and C, 

a, b, c, d and e represent the molar fractions of the 



relevant element in the material composition, 
wherein 

0.50 < a < 0.97 

0.01 < b < 0.20 
5 0.02<c<0.10 

0.00 S d < 0.10 

0.00 S e < 0.10 

0.02 < c + e < 0.10 

a + b + c + d + e = 1.00. 
10 7. A magnetic head as claimed in Claim 6, 

characterized in that 0.03 < c + e < 0.06. 

8. A magnetic head as claimed in Claim 6, 

characterized in that c > e. 
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